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(54) CONSTANT-DETECTING DEVICE, CONTROLLER. AND CONSTANT- DETECTING PROGRAM FOR 
BRUSHLESS DC MOTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve initial response accuracy 
and adaptivity during controlling. 

SOLUTION: A constant-detecting device 15 consists of a detecting 
part 26 and a computing part 27. The detecting part 26 comprises a 
rotation sensor 41, a torque sensor 42, a position sensor 43, a rotor 
temperature sensor 44, a winding temperature sensor 45, a phase- 
voltage detector 46, and phase-current detectors 47, 47. The 
computation part 27 computes an induced voltage constant Ke, 
which changes with motor temperature Tmag at the driving of the 
motor 1 1 is computed, based on respective detected signals from 
the detection part 26. D-axis current Id and q-axis current Iq, after 
separation of iron loss, are computed to compute a d-axis 
inductance Ld and a q-axis inductance Lq under actuaJly operating 
conditions of the motor 1 1 . 
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il^MLt^-^lllcMt6o -Tfcfc>*>. * [004 1] 
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*(C^ot^5 0 ECU1 2li^W<-^l 3£Ol^|f^ 

V uXt5VlB2StieiBEiS*fl[* V v SOT 
tS^mffi^M* VwH * 1 3 ^A^i LT, 

r^b^>^^EEm^M* V u, *Vv, *Vwtcj£Cfc 

uMffii ust;vtai;ii v^wffiiffiiw^, ^< 

[0 o 3 7] CGOfc&ECU 1 211 h/^if^asgfl 
2 it, IM1MM2 2^ — K'<y*HMP« 
2 3^r!rlx:TM^hTV^ 0 h A- 2 1 

*1 l »c3g^$"frsfca«><z> hvu^^*T£4u&LT@ 

[0038] aa«ss«js«2 2tt. h^^^tt*T 

K£<5^T, ^fy^l 3^b^-^l 
#Wlu, I v , Iw^fSfc^l^^^ 

<Dd$&Bmmffi,* i d^t/qiAB^m^t* i q t it, 
^-r — hv<y^#j»a2 3— m^$nTv>6 0 rcom^ 

(#E£W) £ LT jo 0 , ^e — * 1 l^HIfeT- (HI^BS) 
tHCMLTi^iiga, r et«UV^o r 

tttc J: 9 , ^ ^ i 3 * l l <D&mzm& 

"C*>5 d«i@«fB«t* I dWq|il@^i»S* I q 

[0039] nt\ iii«i^2 2it dt&mm, 

»RW2 4t, qM««£«3F^2 5 t £«;LT«ric£ix 
TV^o dit^I^2 4^ TfSlft^; (1) \Z7jk-T 

t^S^^T, dliS^m^* I d^r^ttSi-6o qfim 
86**135 2 5 tt, TIE** (2) (C^^i^f-, 

^T, qlft@^®»fl* I q ^Sdbi-^o 
[0 0 4 0] 
[^Cl] 



*Id = 



Ke 



(l) 



2{Ld~Lq) 



(2) 



[0 0 4 2] ^^r- hV<y^«!Jffll«2 3Ji % dqlll 50 X*mffi.<D7 «< - K^y ffflm&ft 0 4>^T*fe 9 , dMS 
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u, *Vv, * Vw^SiHL, — ^ 

1 1 ltC^^n^^m^I u, 

I v/ I w£d qM^_b(C^LT#fcd#m^I d& 
tfqteagftlqt, df4lMI*Id^t;qtl6lIi 

at* i q t(D&mm&^v ktez>£?icpm&ft?o r 

b(-d**-r >-^^^>^L d&tfqfa^V^^^L 
q^^f#^A^^ixTV>5o 

[0 0 4 3] 5Elfc&a35£e 1 5 f 3\ ^mSB 26 Wi^ 

n 2 7 1 *mx.TM$L£)xxte v „ * 1 1 m«;t b 

tltzWim&2 6 1)*(±>lti£}£tLZ>*:— ? 1 1 tf)lH]3£^NO 

0 r wmaifli#t, * 1 1 <oafcf§ft:ee r e m% 

1, — , Tno£ D^t— ^ 1 1 (Dmfc^- (gJ^B£) CO# 
^(C*ti-6^fS:©T'(D^S^)^£tJ{f^-i:. ^E— *1 1 
<^#*BfC^Stt6te«JE («*Lfif, -Y>v<— *13CD 

^>T^f^OMiE^3S^tToT, d$4m^fL I dMqtt 
«SfE I q k. i^lEftK e dfft^V^^^V^ 
Ld&tfqftK^^V^Lq ££»Wi--5 0 ft*3, 

tWflWV^, «P£L<Ji, — * 1 1 (Dfenmfc&f 

[0 04 4] J^TC, K^y^MW«2 3*Cov^ 

ffi^£ixfc:d«|«8il dMqttlll qte, t^lfjl 
**«3 1, 3 2(CA^$^TV^o fit, 
liidtee^m^c* I d£ d^m^I d k<om^L I d 
£»ttiU «S3§3 2fiq$4S^m^* I q k q$6mtfL 

1 q £*>(B3£a i q £gftir5o :og&, dftg^m 
at* i dst; q iAigii* i q k. amwMi 

qttfifltl q ^rtta:«W*«*T-*>5^:a?). «x.ffffi*a 

[0 0 4 5] 3 1 , 3 2frbmjj£tltzMmtL 

I d&tfd^A I q«t, ^^^3 3, 3 4 

p i (Jt««») ibm-j; ^ iHA i dzmmmmisX 

dttQEE^«*Vd4:JSttlU iffl«3 4!t #J 
x.tfP I »«McJ:*)ffli!A I q £$J»ig*ILT qUWJ£ 
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vq^r^ttj-r^o 

[0 0 4 6] S9cffJ»ffi3 3^e>ttJ**ttfcd«ll«E» 

* v d &r^«flEej« a 3 4 &h $ ^fc q mm.EE 

iS*tt*Vqttd q • 3ffiX«C«BBHfc»3 8l£A*£ 
*bTV*S 0 dq . 3fi£«ffi«3Hfc»3 8ttt, dqS8 
±-C<Od«l«EES^ffl[* V d&t^qttl«Ejg^fl[*Vq 
#Jfc*«r-fcS3*a2gaEffi«±^«x.tfUt82flf«ft 
WEJMMI* V u 2fclTVfcX««£E«<fr«* V v SOT 

fa ^mmm^m * v w k ^&-r 5 . 

70 [0 0 4 7] fit, d q • 3fBSifEJ£at£ft«3 8 J*» 

ib £ u m&%tw±i%^w. * v u r xi v *g »«ga 

[00 4 8] J^Tt-, ^^tfcJ^M 1 5 CO^T, m 1 
^b0 3«r#figU*^P>RWi-5o HSfc^i-J: ptc, 
tftffi»2 6W:, mJL&s (H]^ir^1h4 1 ir % h/u^irv 
t42i, ^MirV-9-4 3^, lHlte^^S-feV-^4 4 

20 #^?agirv^4 5 k. ^mm^tb^4 6 ^Jx. 

li2oOffi««»tBS4 7, 4 7 ttfitt*Snt 

[0 0 4 9] [H]^ir>^4 1 fi, ^ l l (7>I5]fe^ 

fi, ^e-^ l l d^BASns*-^ F/uno r 
mi* So filtyt4 3it 

m omm&m-v r e cffl»« ^r^tbi-6 0 <t*5 % a 

r e (fjfctBA) Rfi«JEOffi*Bft^ffi^i- 
So lH]^^Sir>^4 4(1 -^-^^Tma g o£ 

1, Tn (ntiftEOg^^C) o^«9^ — ^11© 

^^ttstas^^mi-^o 

[0 0 5 0] fg®£J£ffiSS4 ^ 1 1 (0#tS(C 

&<d 0 -^^uteai^^u <t ^>#^N k <nWi<D\ite<mfc v 

un) ^«l£iii-5 4>OT*fo»9, ttffi«*^S<5#tg«flE 

47, 4 7 n ^~ ^ 1 1 <D&mzm&£ttz>ftm,ffi. i 

m (0iJxf^ UfSmtfcIu) ^r^ttii-S^^T*^^, «| 

tell, 4H*ft*»*r*tr*SMt*E CU 1 2 

[0051] -ztc. m2\z.#-rx$iz % nftttffissi 

5 eo»3Sgs 2 7 fi, m^tt&ffi. • d q 5 1 

k . d m ■ q i^m^^ssp ( 1 d • 1 q mnm 5 2 
50 qis^ * ^xmitmsm ad • Lqjt«*js 
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ft, tfr±mM±iz&tf zm^Ko— n<omm. mx.&uft 
t>hdq mm±xco d mmm, i d q mmm, i q k£ 



[0 0 5 2] d $4 • q «l®ffi8t®8& 5 2 te. <fc 

#«r£tf d«i««cl d&t/qi&mdfL I qldt^SM 
a*rtToT«e»*»«r**Lfc*ISEl»«>d«*««BI 
^qftliJScI q£, ffAittdMttftl d&tfqi&mSftl 

q ^ U7><- hv<? ytrfgmu 2 3-m^-r5 0 

5 3 fi. m^i"^> «£ ? ^e-* l i com 

^E— * 1 1 (OH5HE«ffi-C<D d fft-f ^>^L 
d&tf qlliKV^^^L q IrgaitTECU 12 — 

[0 0 5 3] *HJfi^ffijcJ:5^~^ftiJ»Kflii 0J2 
±K*jjc*r«x.-C*J*K C*>*--**MPiS11l 0 

e #><b2fc£ s-^mjEcofcfsim e $r^^-^^ ?mx&> 

1 o s s_me c h a ^f^77it'fc^ H 8 IZ\b\ 



(15) ^2 002-199776 

* [0 0 5 4] $fci\ I^4(C^-r^^-/^ P S 0 1 fCiS^T 

tgjfcP 1 o s s_r^SHl«o 0 3 

Icjo^TJi. Mz-ti, l l^^a^p 1 o s s_ 

alU, ^S^P 1 o s s_r «*fi^P 1 o s 
s_me c h a £ l-S^^T, $;»£cP 1 o s s_i r 

jo on£Sjm-r* 0 

[0 0 5 5] *^;y:7*S 0 4tC*^Tf3: N 

5<fc5K, H»lft«««S%£tr i_rea 1 £^mi" 
Zo ftK. ^y^S 0 5(C:fcS^Tfi, ftS^fB^O 

6 0 #ck, **r v7s o 6^*5^-02, «a*»««^ 

mmfc^mffiGctemzm^^x d «>< >y ^ * l 

0 7(C*3V>T»i#>r 1"??* d, LqCl 

[0056] j^Tt-. ^»ttasB i s (D^mmuu 2 
7 \c&ttzMrft&f£mumm^\,^xmttmm&&mi* 

fttc, -^t^^^S 1 2fci3V^T, T!E»5£ (3)"lc*f 
J: 9 tc s ^— * 1 1 oigSb&tlcfcttS, * 1 1 <Dm 

jet- (Dmmiztt^zm&tomjz&mzxfeft 

30 U*8fflSTl, Tn (ntttttWllKft) ^r, 

[0 0 5 7] 
It3] 



J— (3) 



[0 0 5 8] ^^^^S 1 3^c:4oV^T^i > ffi«JE 

un) 7^b, «^.tfiKit7— y^*ft«FFTJCj:i?ta 



1 5 ^c^ov^r^i. tu&ir >-i^4 1 ctox^t-^ 1 1 o 
[0 0 5 9] ^t^^/^s 1 6^c:jo^/^T^i x 

^-ferV-^4 3C7)ffit93ine ^tf>;^y 2 8(C|E«S 

1 l^nj^Noit^tc^o-cit^^tc^b-r 
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[0 0 6 0] X^y^S 1 7KL*5^TM:* ffiaft 

«tlu) y^KUfcSFFTlcJ: t) 

(4) ^ry^si6i:tftfUfcttI 
r , ffiia-fe >t4 3 (o&temti e SrEHe-fe v-y- 4 i ^ 

uiiK >y?*>*L d) (D^s^v>f)n5 0 

[0 0 6 1 ] 20 
ISS4] 

or 2. = orl— <9 ... (4) 

[0 0 6 2] ftfcl, ^T^^S 1 9(Ci5V>T<i, TfEgc 

st (5) tc^i-^pt^ ^ryysi4icr»ffltfctt 

W:±^4 3d5«mLfc«ie«EE<Offi*ai:tB«iE^— ft 
tfc^Otefg t C9fitfiJ6.S:«i-«ffi4a«|6 ylfc, ^ x ^ 
:/S 1 6JClTlsieftN^J6Crtft*Lfcffi«-fe^4 3 
offiftjine £Kg<5^T, ®EE{£fS^y ia»*>ffi«ir 

^i^y^gaji-^o r^ttjE«JEffi:tB*v*Sffi«BE(0— 

[0 0 6 3] 
[Ifc5] 

r = --(5) 

40 

[0 0 6 4] &{C S 2 OlC&^Tfi, TW& 

5t (6) tc^-f-J; 9 [Hlteir yf4i KiTttfcb £ *tfc 

* i i (ommkNt. h/^^±^4 2jcr^m$ 

*X*l^— * h/l^ Tort \zm^^X, — ? 1 1 

fi^liP o u t £gtBi-5 0 

[0 0 6 5] 
[^6] 

F>out=Tor-N • - (6) 

[0 0 6 6] *xs>:/S 2 1 {CjoVNTfi, Ti2^C 

5£ (7) (C^-Ti: 9^. *TvZfS 1 2lCTgtfjLfcti 50 
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m.in,mRt. mm,mtkm&4 7 tzx&mi,iznm t m<D± 

s s_r^B{tm o 
[0 0 6 7] 
[»7] 

Ploss_r — 3 • Im 2 - • • • (7) 

[0068] x^^s 2 2^*5^x1*, TiEi& 

(8) tc^i-J; 9 fc, ^Ty7 p S2 2HT§aiLfc ; e 
^11 <Vitit>m,t) P o u t £r % W*— * 1 3 

i l^ftftsns^-^aAtAP i n<D&mmt>* 
hmn-tzz t^£K>^-? i ioia*p i o s s _ 
a i i zntn-tZo 

[0 0 6 9] 
[§£8] 

I*loss_ all = Pin— J > ot4t - * * (8 > 

[0 0 7 0] ftd, ^r^S2 3i^*5VNTti, ^e— * 

1 1 column \zf&zxmk^zm&m£:P 1 o s s __ 

me c h a W^^y 2 8 tdfSlg $ ftfc-^— * y 
yfrb&m-fZo rrT% ««c^*P 1 o s s„me c 
hatt. \M 7 lC7jk-f£ o IZ&fc&NCDm^ft^Xmn 
«rtlfc»t-*-54*tt*Sfc«9, ^-ty 2 8(-ttlHie»Nft 
<^««a*P 1 o s s_m e c h a Ofl[dSfE1*$iXT*> 

NtC»j£T-r S««a*'P 1 o s s_m e c h a OfflE^tt 
^Lic^i^tfo ftt-, ^f77°S2 4[^V^Ij:, 0^ 
^fUSir >if 4 4 t-T^tti L/c^e— ^^ibB#tc^tt5li] 
M^Tma g^C^V^T, SMSTma g fCi^ 

i:tag<bt5RetflE£»K e * y 2 8 tctatg 

T, TIS»^: (9) (C^i-J: 9^. K®mEE^*Ke 

Wi"6o Rje«£E3£*Kett, H 8 tc^i-J: 9 

0g^STma g COif^^^oT^>«rS]^{b-r 

[0 0 7 1 ] 
[^C9] 

E = KeN ---(9) 
[0 0 7 2] ft|C x ^7«^S2 5i-*5V>T»i > t@m^L 

«£lu) frb. mz.&M&7-»^misFFT\z& V 
2 6^ci5V^T^i x TESS (10) 

^^S 2 2tCTSmLfc^ — ^ 1 1 CO^S^P loss 
_a 1 1 *>b^^^>^S 2 1 fcT#a3Lfcffl«5feP 1 o 
s s_r ^v- yZfS 2 3^T^L/c««a^P 1 
o s s me c h a ^®SlT, P loss 



-16- 



(17) 



57 



2 0 0 2 

32 



1 9 9 7 7 6 



[0 0 7 3] 



Ploss iron— Ploss all— Ploss r— Ploss mecha 



[0 0 7 4] ^T7^S2 7|Cfc^TH, TIB^C 

* (i i) t^-rj; temj£^itjf§4 etcT^m^ 
tDttssiE utg»BEvun) a>e>. mx-vm 

R*»t:4trSI»«Va 1 1 ^f^S2 6l:t» 

diLfc^a^P 1 o s s_ i r o n £fC*<5l^T\ H$J 
ft««fiBSSir i_r e a 1 fc*5 % TIER 

s£ (l i) IrilBtSIWcfi, Mtll ^i"5l3 9Jc 

[0 0 7 5] 

[til] 

ri real=3- 



Ploss iron 



(11) 



•••(10) 

* [0 0 7 6] ^x^S 2 8fC*5V>Tfi, TIER 

^ (12) M^1"J: 9 *xs^S 2 5tdT^ttiL/c 
*ric»H86«««t I el:, ^f^S18l:t 

ffitBSg) vi, ^f^S2 7CT@tHLtll|j^ 
ffiffiStr i_r e a 1 t JCg^V>T^S*#gt^O||LS$ 
I q £ h/^ttlllll d ££gfcbU gfaJL 
fc^mSfcM id, I q *»b#»*#««oH«i«teffiS! 

[0 0 7 7] 



Id — I- cosa = Tie ■ cos (ar2) - 
Iq = I- sina = Tie • sin (a2) - 



Itl2] 

rireal 



ri real 



(12) 



. -\( Isma\ 

a = tan 

\Icosct J 



/ = 



Icosa I since 



cosar 



sin or 



[0 0 7 8] ^y'yZfS 2 9^*3^X1*, TIER 

* (1 3) (O^-TJ: 9 1 1 <Dmtt#Pt* ft 

L1Z.mmffijE&<Dm&W£E k , ^f^Sl 3(CTK 

V-sin(a + J3)-I -R-s'ma 
I a? cosa 
^ E+Icosa- R-V cos{a + 0) 



40 



(h7u^«) ^y^^^^Ld^ q m mmm << 

[0 0 7 9] 

[in] 



J-o-sina 



N-P-2-7T 



> -(13) 



60 
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[0 0 8 0] J^TtC, d$A (Vfrtm -<ls??2^* 
iSftRo = 0. 0 3 5 [Q] <ti£HSfeir=0. 0 0 

4 [Q] &aw*&tf Q ^i6i£^£;ft,Tv^2»«a<D 

f&S*JlB^C = 0. 0 0 3 9 3 &/iJ £*Lfc#igtfi. 
ST 1 = 115 [r] , T2=100 [t:] , T 3 = 1 
2 1 [t:] &s£ (3) CttALt, *Sjg£n;MR = 

0.0 5 2 [Q] tmitiZtlZo 

[0081] m^m^mm^-v ^mffti: 

V=l 1 5 [V] £^#U ^^-y^^ 

ir>i^4 3 0{f^^^^^^mEEcr>{S+a^(7)m^$: 
ti^y 1=60 [edeg] ^U\h~r^> 0 gclC, [Elifcir 
>"^4 1 9©iiEifcN = 1 2 0 0 0/ 

60 [1/s] £&£HU ^0[Hl6fN=l 2 0 0 0/ 
6 0 [l/s] c^^^cOfi^Sixe =~*3 [edeg] 

[0 0 8 2] &\Ztemffi&mm7—\) ^®3&FFT\Z. 

t ±mm&mEE(DGLft t (DmmtLftm a 1 = 6 3 [ e d 
e g] ±ca^: (4) fcio, fie 

= a 1 - 0 = 6 3 - (- 3) = 66 [edeg] 

-|-6 0 JiiE^ (5) {m-fe>-^43(0 

mi±iiL$8 t (D&ftm y = vl-0=42- (-3) =4 

5 [edeg] ^r»ffii-^ 0 LT, TIS^ (14) 
\Z7jk-fJ:?\z^ ^e— ^ i i o[e]^gcN s h/u^Tor£r 
7ctc_kIEib£ (6) (c£9^-*l K7)tli^Pou 
t = 2 5 1 3 3 [W] $rSmi-5 0 

[0 0 8 3] 
[tl4] 

Pout = TorN 



= 20 [Ato] .l^?[l/^]x2x^ 



= 25133[*F] 



60 



(14) 
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*tSfefeiMR, teMfil I m^7CtC±|S^ (7) 
«£eP loss_r = 1130 [W] ^^ai-^5o 
[0 0 8 5] 
[l&l 5] 



10 



20 



30 



40 



Ploss _r = 3 (im) 2 * 

= 3(85.1) 2 0.052 
= 1130[^] 



(15) 



[0 0 8 6] LT, TfS^ (16) t^-t-J: 
tti^m^ Pout. ^ * 1 3 7^£y&£;ft,£^- 

?&Amj3P i n£5^±fElfc5£ (8) tCi 9^r-*l 
1 O^^P 1 o s s_a 1 1 = 1 9 4 5 [W] 

[0 0 8 7] 
[tl6] 

P/os* _ all = Pin - Pout 

= 27078-25133 

= 1945[J^] -.-(16) 

[0 0 8 8] &(C S [El^NtClJ: V % ««ffl*P 1 o s 
s_m e c h a =- 6 8 [W] «r8*s8LTR»U 0^ 
fiSgTm a g &y€lzmMffilE&<Dffi&m.&7£gtK e £ 
feiLTML, TIBS* (1 7) tc^-T J: 9 Jc. 
b&7cfc_hfBf£5*: (9) fc*0iM*|jE«<oRjB«EEE 
= 18 0 [V] £rgffi1-5o 

[0 0 & 9 ] 

[S17] 
£ = J^e ■ AT 

= 0.015 12000 

= 180[^] —(17) 

[0 0 9 0] £*>M % ffiit^-y ^m^FFTtCj: 
tam^— &J£#H8MK«« I e = 8 3. 5 [A] £ 
StBU TIE»S: (18) tc^i-J: ^e— * l l <d 
£»5feP 1 o s s_a 1 1 £«iRffcP 1 o s s_r b& 
WLm$:P 1 o s s_me c h a frb -illicit (10) 
ct 9 Ploss_iron = 747 [W] 

[0 0 9 1 ] 
[618] 



[0 08 4] * LT, TiE»5« (15) IZTjk-TX o lc s * 

Ploss _ iron = Ploss _ all - P/ass 

= 1945-1130-68 

= 747 [FT] 



r- Ploss mecha 



(18) 



[0 0 9 2] TSa»* (19) tC^i-i; 9 fB 



50 



1 o s s _ i r o n t . ±1ER^ (1 1 ) «t «9 51 
»^ffi»gtr i _r e a 1 =6 9 [Q] ^rffffli-S. 
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(19) 



2002-19977 



35 



[0 0 9 3] 
[»19] 

ri_real = 3 



36 



(Vail) 



- 3 (131) 
747 
= 69[Q] 



2 



(19) 



* [0 0 9 4] friz. T1S»* (20) (c^-TJ: ffi 
««E— »J«»*Sb«««E Ie'cosa2iIe-si 
na2^b, ±B** (12) K£ 0 tt«5fc#«»tf>ffi 
m»?E— I • c o s a = 3 3 [A] t I • s i n a 
= 75 [A] ?:Iffit5o 

[0 0 9 5] 

[Sfc2 0] 



7 • cosa = le ■ cos (a2)- ^ >COS ^ 

ri_real 

o- <- />^\ 1 1 5 - cos(45) 
= 83.5 • cos (66) * — J - 

X 7 69 

^83.5-0.407^ 115 '°- 707 = 33M 
69 1 J 

/ • sin a - le • sin (a 2) Sm ^ 

ri real 

= 83.5-sm(66)- 115sin ^ 45 > 
V ' 69 

= 83.5.0.914- 115 ;°: 707 = 75M 



69 



33 li8M 

cosa cos(66.2) 



(20) 



[0 0 9 6] ^LT, TfB»5£ (2 1) t^iH- J: ? ^^^^Lq^gHino 
±IB*»»»lcai<5# % ±E»* (1 3) idj: i? dtt [0097] 
(K/i^tt) ^y^^y^Ld^ qua (jMtttt) >f$K30 [»2i] 

^ _ K sin (ce + i? sing 

/•©•cosa 

1 1 5 ■ sin {66.2 + (45 - 66.2)} 0.052 ■ sin (66.2) 
81 .8 • (l 2000 ■ 4 - 2 • *r / 60> cos (66.2) 
= 0.000470[//] —(21) 
^ _ £ + 7 ■ cos g ■ R - V • cos(a + fi) 

_ 1 80 + 8 1 . 8 - cos (66.2)- 0.052 - 1 1 5 • cos {66.2 + (45 - 66.2)} 

8 1 .8 • (1 2000 • 4 • 2 • *r / 60) - sin (66.2) 
= 0.000267 [H] 



[0 0 9 8] J£*TK, Jd&Lfc^s/t/S 2 7»C*5ft5 
*8ltt»*Mffi«Si r i_r e a 1 CDgtjB^&Mo^Td 
9*:IWaL*ise>KW+5 Q 0 9X15TIE»* (2 2) 

edMqttffia«Ieqlt ftVMB««E I 

(Od^nmmi d' &t*qfcMB««tI q' ^ftHt 



[0 0 9 9] 
[IC22] 

led = Id + Id' 



Ieq=Iq+Iq' 



• -(22) 



50 



[oioo] ::r% ties* (2 3) tc^i-j; 

ft«*P iron^losslt tta*«ffittr i £ , 
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»«#«ggt r i <D 

I O-l 0 1 ] 
[»2 3] 

Piron loss 



37 

ClStf ZMJZV o v e r a 1 



_ (Voveralff' 

n 



"•(23) 



Tjn Vd Pzrort loss-Vd 
la = la = la = -= — 

n (Voverallf 
^ (Voverallf 
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* [0102] TBJRS (2 4) tc^-f-J: ^fflfg^; 

IE** (2 2) XlflRst (2 3) dlMHttJEVdft 
tfqHttB®EEVq kiZLXymZtl, -LIE** (12) <D 
d«lftS«Kl d t qtt^m^I qfi. TfS£fc5£ (2 4) 

< MMMBotftbSraci;: x v &tti&tiz> 0 

[0 10 3] 
2 4] 



► -(24) 



J 



[0104] mi o*a. msnmrnte'*? *—*\c£ 

#£f£*Lfc#*@mSft I d ( I ■ c o s a) , I q (I 

• s ina) ICJ:^ d qffi«±(C*3JtSF^i (I • c 20 
o s a, I • s ina) £?&£)Z> 0 ftfc, @(te^<£>JB.flE 
«{fct-#5Rfi«EE<oS»S:%iSUfcBje«£E*»Ke 
^rIsHB*N^X-5#, ffi«*tiEaa>Rjet|:ffiE4:^-t-d 
tt±(0A^ (Ke • N, 0) £:£#>S 0 SClC mmik<D 
S!®i^%|gLfctilgia:fltR5:fflV>r, tefe^cM R £ 5 

d HdE#0>*ffi&T*Ajftj&*6> B AO** ST^SJlS 
d(*±(OBjftL (K e - N+ I • c _o s a .- R, 0) 

[0 10 5] JSfet^ ffiWEE-^^afiWEEVtHfl 
8K{(HS£a fc*«JEffi*BKv*>feEj{S (V • c o s (a 30 
+ /3) , V • s i n (a+0) ) £##>5o B A 

a^OJMKtt (qH) 0!>«JEI»T*r^i-DA (Ke • N 
+ I- cosa-R, V-sin(a + /3)) 

M (qtt) >f ^ L q ^lEHT^t c^, 

(Ke-N+I-cosa-R, V-sin (a + 0 ) 

— I • s i n a • R) £r3fc£>& 0 
[0 106] W±Wj:9iC, B^, E^, 

h^H«r»l|-e#5. ft*5. AstiZftM 40 

ffi&mt'^tzm'&ia-tF' J& (I e- cos 2a, Ie 

• s i n2a) <Dj;5fC. «3l&*A^tBffi«t<0i*ix;dS 

[0107] rw^iS^ffix-fi, SaS*o^i&£;%ig; 

Mr i_r e a 1 £:fflV>T. JilE** (12) (C^ 



4 3<D&mmm&^&Tztmzmm&ft&m4:i,izm 

goi^trSfifc I d, I q <t#pJ^T-£>5o 

±ie** (12) 5fc»a^ffi^ffl««« 

Id, I q^P>«lififc»*»*Ufeffi*BSo«r*Ul-t-S 
r £^T-££fc£>, ±fe** (1 3) {C^i-«t9f-d$4 

[0 10 8] lot, 5£S»ffi3£«l 5icl^/c^ 

«i«&*£ft^q*iMB«aE (iw»tt«a«) iq. dua 

fglimVd. qtttB^JEVq^O^*^m«^ffl^tt3t 

[0 10 9] ±3*Lfc J: ?fc % ^Il^lici^/y 

2 6 £HlJ&i-£#1?>^4 1 , — , 4 5^J:^» 
4 6, 4 7^P>ffi^$tb5#«im«-S-^S<3v^. ®S 
^^^Db<h, R^miE^^ij!}^. vi*- 4 3 ofifrfe 

[Olio] ^KSiO«tBlcJ:^«fttt£iJKS 
l S^i^r^^DC^ ^^PMl 0 (c J: 
txl^, y^/i/XDC^^ l l (Di&m&flzlsi^T. m 
^^<^m$nfcd|6 (^y^^#) ^y^^y^Ld 
<hql* (If^t*) >y^y^Lq^^: tizx 
K> K/u^«^*TlcjSi:fciE**dttsae«£* I d 

( h/U*tt«»E*&*ffi) *5j:t^q*4a^m«L* I q (# 



-20- 



39 

[0 111] 4*5, ±SEL^i*llli6JKffitC*5V^Ttt, * 
xy^S 2 4(;i*5I^T, ^^e L> 2 s^b^s/^tftS^J: 

EEESrlitffii-S^ Lfcas, Hi 1 ^^i-*jlJfi»ll8<Z)* 

£ 5 t-v -f * i 3 ir^e— ^ l l <t coP^c^— ^ i 

5*$rlH]£g5 6 £t£tfT, *~ * 1 1 (OmMtplz—teftf) 

\zmttmz&mm\.xm.miz.m&W£ e ^mEE^^m 

t\, r ±ffi»* (9) fc*5WC, 

s«jE«[«s:*a«ffi«im«4 6 zm^xmife-Tztirtx 

[0 112] $ fbd. * l l ^i^Mollr^ 

Av\ *9mJEEttfci2S4 6fi, * l.lJ^feftt 

w-utaW^«MKEE«r«ai-rix«a<, 

[0 113] 4*5, ^^<75-^jfe^^S^7'>^ 
^DC^ ^O^^aj^gl 5, 5 5ft HfflW/^ 

[0 114] £fc, Jb5*Lfc*«W«Cl«-6^7VU^D 
otW^o 4*5, C Iff 3 ^yt 8 a»^y^rA^ 

[0115] ayifa- o^rteftemc 



(21) #l*§2 002-199776 

[0116] 

[0117] £*>^ m&^2{zm&<D*mw<Dz/9i<' 

[0 118] tt#&4\Zftm<D*:&m<D7 : 7isU 

30 <D&ftm^zm^^x, a^akiaot^i:^! 

Mflt Lt«S6< * >-;**5<fcu: Wi^i* 

<J>y? ?>-x$:&lti~tZ>mzte\,^x. /r>i^^DC 

SWi-8*ffli-*r tas-cfr*., r^^J:^, 

Dc*—9<Dnmtevtffi£j&cxiin&£&<fi>m»'( >y 

40 &X%Z> 0 

[0 119] l£tz. ffi&T£5lCUm<0*&W<D7 : 7~>l' 

50 [0120] m^e{Z^(D^m<Dy^^U 
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(22) 

41 

mmfjcs^^T, mm*:<o&mb. mmmm^m 
h^^m-c * -5 r £ 

3StfS«*Ht L-C#J»3SK<D««^l«*i- S r b £Kifc L 

[0121] $<bc »*«7(diatto*iswo^7*> 
icffaj-t-^r tms. »**8 

[0 12 2] £fc, If^9{C|5m^^0^<O^ r ^v'U 
^DC^E~^(D»J»igK(cJ:nff, 4M»m#«*»b<o« 

<o^W)b, mmv&tn&nb. fitsaif^^tBin 

[0 12 3] 5***1 0 \^^L<0^m<D^=7^ 40 



2002-199776 

*5£x*h/\s?$&m,ffim^m&nto-tz>^b&x$, tnn 
fc&mm&fa±zitz>zb&xzz> 0 

?zbX\ fflWft<Dfc®&*?mfe%jm*fa±£i£Z>zb 

[0 12 4] 1 KfBtttfX^IBW:/^ 

d c ^-^asaiffl/n ^7 ac inif, \mm 
mv>&<tiz£^x*kcz>mm£:<Dmw}b. Rfi«EEa>* 
mb, &m&m^m<D&ftmtiiz£z>&mmmb* mm 
fkiz x z>mm%t<D-rth b &mm isxmm& < jhbm<< > 

<D^W)b. Ws&WE<D&Mb. ffiK«flb#aoffi:ffi51tt 
[McDtsm^ifteJi] 

[ii ] nmi&mizmzT'yisu^uc*: 
- 9 <DMfflmm<Dmj&mx th z> . 

[0 2] HI 1 IOTf7-<- K^y^«HW»fc3e**» 

[0 5 ] ^7->u^dc ^e— 9 <D7£%tm&mW:<DMr& 
[0 6] ls]te»N^aE^tc:f*oTSE^i-5ffitt-fe^^ 

[0 7 ] IsJteSfcNCO^b^fli oT^t5««S*P 
loss m e c h a ^t^77it'fc5 0 

[0 8] @raiTma g^kCf|oTabt6 
WSfi«JE£»K e ^f^77§T^6o 

[0 9 ] afcymaK^7 ^ t-ct zmmw.ffi<D&mjj 

[010] 0 9(OMJiJlHlK^7^ — ^(Ci51£E-<^ 
h/U0£r^i-0-C£>5 o 

[011] *mMteM<V^ftm\z&Z>7' ; 7^u*DC 

13 >s<— 9 

15, 5 5 ^7'>^^DC^-^OMtaigI 

2 1 h/u*«*«»as 
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(23) 
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4 3 




2 7 _ 




4 4 




2 8" 




4 5 




2 9 




4 6 




4 1 




4 7 




4 2 




5 6 
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[Ull] 



[134] 




( START ) 



i 



X 



( STOP ) 



-SOI 
-S02 
,S03 
-S04 
-SOB 
-SOS 
-S07 
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(24) 



&m 2002-199776 



ims] 



[EB5] 




Ti,"« ? Tn 



S11 
S12 
S13 
SI 4 
S15 
SI 6 
S17 
S18 

-S19 

S20 
S21 



[°l^NiaSl^=a«ffl^Woss_jrechag7^3^B 



ftflE*EPloss_Jronggtfe 



^ag^SgCa5iri__raalggai 



( END ) 



f 



S24 
S25 
S26 
S27 
S28 
S29 



I 8 ] 



SljSUffSS Ke 



Ke^0X»15[V/rpm] 



0.015[V/rpm] 




901*0] Tmag 
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F*-A(##) 5H560 
5H576 



AA08 BB04 BB12 DA13 DB07 
DC03 DC05 DC13 EB01 EC01 
RR01 SS01 TT15 XA05 XA13 
AA15 BB02 BB06 BB09 CC02 
DD02 DD07 EE01 EE11 GG01 
6G02 GG04 GG05 HA04 HB01 
JJ03 JJ04 JJ17 JJ24 JJ25 
LL01 LL16 LL22 LL24 LL38 
LL39 LL40 LL41 LL45 MM12 
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